The aim of the study was to present the selection criteria for surgical techniques for the treatment of patients with Peyronie's disease. A total of 55 men with Peyronie's disease were surgically treated. We created specific criteria for selection of the appropriate surgical technique. All patients had a stable disease for 6 months and impossible vaginal intromission. All patients had subjective (as reported by the patient) and/or objective normal penile rigidity (as observed after intracavernous administration of alprostadil). Also, they all underwent drug therapy, which was unsuccessful. Among them, 40 patients with penile curvature of o601 and erect penile length of 413 cm underwent Nesbit's operation, whereas plaque excision and grafting with polytetrafluoroethylene patch was performed in 15 patients with penile curvature of Z601 and/or erect penile length of r13 cm. At a mean (7s.d.) follow-up of 81.1733.8 and 78.7732.8 months, respectively, straightening of the penis was achieved in 35 out of 40 (87.5%) and 12 out of 15 (80%) patients, respectively, whereas erectile dysfunction developed in two out of 40 (5%) and one out of 15 (6%), respectively. Shortening of the penis occurred in all 40 patients undergoing Nesbit's operation, and in none of the patients undergoing plaque excision. Six out of 40 (15%) patients undergoing Nesbit's operation reported subjective perception of penis shortening, whereas none of the patients undergoing plaque excision complained of this discomfort. In conclusion, we recommend the selection of surgical technique based on penile length and degree of curvature. Nesbit's operation is an appropriate surgical technique for the treatment of patients with erect penile length of 413 and deviation of o601, whereas the plaque excision and grafting with polytetraflouroethylene patch is a technique of choice in the treatment of patients with erect penile length of r13 and/or deviation of Z601.
Introduction
Acquired penile curvature is most frequently caused by Peyronie's disease, a condition of unknown cause and pathophysiologic mechanism, characterized by progressive fibrotic changes of the tunica albuginea, and leading to penis curvature.
Surgical intervention is required when coital function is impaired. Although several different surgical techniques have been used in the treatment of Peyronie's disease, the procedure of choice is still controversial. The surgical approaches can be divided into two categories: the first one includes procedures with shortening of the tunica on the convex side of the penis, and the other involves lengthening of the tunica on the side of the plaque, and includes grafting.
The technique with shortening of the tunica albuginea was introduced by Pryor and Fitzpatrick. 1 The technique is based on the principles of Nesbit's operation, where elliptical segment of the tunica albuginea is removed from the site of the most pronounced convexity. Originally, this approach was intended for correction of congenital penile curvature. Several authors have described good postoperative results obtained by this technique in Peyronie's disease. [2] [3] [4] The main disadvantage of this type of operation is penile shortening, especially after correction of severe penile curvature.
Procedures with lengthening of the tunica albuginea include incision and/or excision of the plaque followed by grafting. Devine and Horton 5 introduced the technique of lengthening of the concave side of the cavernous body, which includes total excision of the plaque and correction of the defect with a dermal graft. In 1998, Lue and El-Sakka 6 described their technique of plaque incision with saphenous vein patch graft. Many types of autologous grafts (temporal fascia, dura mater, saphenous vein, prepuce), cadaver tissues (dermis, fascia, pericardium), and synthetic materials (polyester and polytetrafluoroethylene) have been used in this surgical technique. 7 The drawbacks of such an approach are graft contraction and higher percentage of postoperative impotence.
The aim of this study was to present the novel criteria for selection of surgical technique for the treatment of patients with Peyronie's disease.
Materials and methods

Patients
A total of 55 men aged between 29 and 70 y (mean age, 49710 y) were surgically treated for Peyronie's disease at the Department of Urology between January 1990 and January 2000. Surgical correction of penile curvature was performed by Nesbit's operation in 40 patients, whereas plaque excision with polytetrafluoroethylene patch graft was performed in 15 patients.
Medical history data on the duration of the disease, symptom progression, erectile function, and ability of vaginal intromission were obtained from the patients. Physical examination was performed to determine the number, location, size, and consistency of the plaques. In all patients, erect penile curvature and length were measured after intracavernous injection of alprostadil in an outpatient setting. Penile curvature was measured using the protractor. Penile length was measured on the convex side of the curved penis, from penopubic skin junction to meatus or from penoscrotal skin junction to meatus, depending on the direction of curvature. Penile Doppler was not performed because of the unavailability of the instrument. None of the patients could perform vaginal intromission. Six men presented with erectile dysfunction, but all reacted to diagnostic administration of 20 mg of alprostadil. The number of plaques varied from 1 to 4. The degree of penile curvature ranged from 351 to 701 (average 47.2, mean7s.d., 45.9712.2). All patients had undergone drug treatment with oral aminobenzoate potassium or intralesional verapamil before surgery. The operation was performed 1-2 y after the onset of the disease, and all patients had a stable disease for at least 6 months before the operation.
Methods
According to literature and our own experience, we created the criteria to select an appropriate surgical technique (see Table 1 ): all patients had a stable disease for 6 months and penile curvature of not less than 351, preventing the vaginal intromission. All patients had subjective (as reported by the patient) and/or objective normal penile rigidity (as observed after intracavernous administration of alprostadil). Also, they all underwent drug therapy, which was Surgical treatment of Peyronie's disease P Bokarica et al unsuccessful. Among them, Nesbit's operation was offered to those patients with penile curvature of o601 and erect penile length of 413 cm, whereas plaque excision and grafting with polytetrafluoroethylene patch was recommended to those patients with penile curvature of Z601 and/or erect penile length of r13 cm. In all patients, the operation was performed under general anesthesia. Correction with Nesbit's operation began with circumcision and degloving of the penis. A tourniquet was placed at the base of the penis and artificial erection provoked by intracavernous injection of saline solution. Buck's fascia was incised at the site of the most pronounced convexity of the corpus cavernosum and two or more parallel elliptical segments of the tunica albuginea were excised perpendicularly to the fibers of the tunica albuginea. Excisions were placed at both sides of the urethra or neurovascular bundle, depending on the direction of curvature. The width of the defect was 0.5 cm. The defect was then closed with running 'U' suture (polyglactin, 4/0). Then, the artificial erection was provoked again to check whether the curvature correction was successful. In case of unsatisfying correction, additional excisions of the tunica albuginea were performed.
Surgical treatment of other group of patients was carried out according to the principles set by Devine and Horton. 5 The excision of the plaque was performed and instead of originally described dermal graft, a polytetrafluoroethylene patch was used. Circumcision was the first step, followed by the retraction of the skin and fascia dartos toward the base of the penis. The Buck's fascia was incised in the same manner as described with Nesbit's operation. After exposure of the curvature, the plaque was excised. In case of dorsal site of the plaque, the neurovascular bundle was first mobilized, whereas in case of ventrally located plaque, mobilization of the corpus spongiosum was needed. The defect of the tunica albuginea was patched by polytetrafluoroethylene graft of the size 1 4 larger than the size of the defect. The graft was then sutured to the edges of the tunica albuginea with running suture (polyglactin, 4/0). Artificial erection was provoked to see whether there was any leakage at the suture line and to check success of curvature correction. In case of unsatisfying correction, additional plication of the tunica albuginea was performed at the site of the most pronounced convexity. Buck's fascia and circumcision were closed with single sutures using catgut.
In all 55 patients, curvature was completely corrected intraoperatively. After both types of operation, compressive bandage was placed and Foley catheter introduced. The catheter and the bandage were removed after 24 h. The patients were advised to avoid sexual intercourse for 6 weeks after operation.
Results
The examination at the follow-up included interview and physical examination of the patient. At 3 months after operation, all patients were examined for curvature correction, and penile length was measured after artificially provoked erection in an outpatient setting. Erectile dysfunction, as a postoperative complication, was noted in two (5%) patients who underwent Nesbit's operation, and in one (6%) patient undergoing plaque excision. The six men with preoperative erectile dysfunction underwent Nesbit's operation and remained impotent postoperatively, but were able to have sexual intercourse with the help of alprostadil. Table 2 lists preoperative and postoperative penile length. Penis shortening was recorded in all 40 patients undergoing Nesbit's operation, and in none of the patients undergoing plaque excision. Six out of 40 (15%) patients undergoing Nesbit's operation complained of subjective penis shortening, whereas none of the patients treated with plaque excision had such complaints. All six patients undergoing Nesbit's operation, who complained about postoperative penis shortening, had the curvature completely corrected.
Transitory hypoesthesia of the glans that lasted 12 months at the most was reported by eight out of 40 (20%) patients who underwent Nesbit's operation and by three out of 15 (20%) treated with plaque excision.
Postoperative results are summarized in Table 3 .
Discussion
Our approach to surgical treatment of penile curvature caused by Peyronie's disease is based on the fact that there is no single ideal surgical technique for the treatment of these patients. It has Surgical treatment of Peyronie's disease P Bokarica et al been known that surgical treatments involving shortening of the tunica albuginea are not suitable for patients with short penis and severe deviation. 4 Therefore, we created the criteria for selection of the most appropriate surgical technique. Our experience showed that after Nesbit's operation, in patients with penis deviation of o601, we can expect penis shortening by up to 3.5 cm. Consequently, the length of the erect penis of 13 cm is seen as a cutoff value in the selection of surgical technique. The mean erect penile length, according to the guidelines (13.3 cm), is closely correlated with the results (12.9 cm) obtained in White, Black, and Asian patients, indicating its applicability regardless of the race. [8] [9] [10] To the best of our knowledge, the inclusion of the erect penile length into the criteria for selection of surgical technique has not been reported yet. On the other hand, in severe deviations, there is even more significant penis shortening if the shortening procedures are used. According to Kelami's 11 classification, severe deviations refer to Z601, so the present study used that value as the selection criterion for surgical technique.
After Nesbit's operation, penile shortening is unavoidable, 12, 13 as confirmed by the present study. All patients who underwent Nesbit's operation had penile shortening of 2-3 cm, and six of them complained of perceived shortening. The percentage (15%) of patients dissatisfied with postoperative penile length was smaller in our study than in the study by Licht and Lewis, 4 who reported 37% of dissatisfied patients after Nesbit's operation and even 67% dissatisfied patients operated by modified Nesbit's technique. 4 In our opinion, satisfaction of most of our patients, despite significant loss of the penile length, was largely due to the result of an adequate selection of patients according to the above-mentioned criteria and of the fact that each patient was preoperatively informed of a possible postoperative penile shortening.
Success of curvature correction in 35 out of 40 (87.5%) patients after Nesbit's operation is comparable to literature data, which report 79-93% success. 4, 12 In the remaining five patients treated with Nesbit's operation, recurvature developed as a result of progression of the underlying disease. Three patients (20%) who underwent plaque excision showed a relapse. In one of these patients, relapse was caused by postoperative hematoma and it was diagnosed at the follow-up examination 3 months after the operation, whereas in the other two the relapse resulted from progression of the underlying disease at the site of excised plaque after 11 and 12 months, respectively. At repeated operation of those two patients, we established an ingrowth of the plaque into the graft at the edges of the previous excision. Thus, all five patients who underwent Nesbit's operation and two out of three who underwent plaque excision had a relapse due to progression of the underlying disease within the first 12 months of the follow-up. Our results corroborate attitudes of authors who believe that the disease should be stable for more than 6 months before the operation and support the period of 12-18 months. 7, 14, 15 Recently, it has been suggested that, due to anatomical specificities of the tunica albuginea, Nesbit's operation is a more suitable procedure for correction of lateral curvatures when compared to patch methods, especially in deviations of o601. [16] [17] [18] In this study, three patients presented with lateral curvature but also with deviation of o601. They underwent Nesbit's operation, complete curvature correction was achieved, and no postoperative erectile dysfunction was observed.
There were two patients (5%) with postoperative erectile dysfunction after Nesbit's operation; this proportion is in accordance with the literature data. 4, 12 Where surgical approach to plaque is concerned, the choice between incision and complete excision of the plaque is still uncertain. The main objection to the excision is a more frequent development of postoperative erectile dysfunction due to venous leak. 19, 20 However, we consider the size of the defect in the tunica albuginea not correlated with the greater risk of veno-occlusive dysfunction, as confirmed by Yurkanin et al, 21 and that was the main reason for our decision to perform excision and not the plaque incision. Recent studies have shown a significant 30% postoperative erectile dysfunction in incision or partial plaque excision. 22, 23 Therefore, the result of this study, of 6% erectile dysfunction after excision, supports our initial argument that the size of the defect is not correlated with the greater percentage of postoperative erectile dysfunction. All patients with postoperative erectile dysfunction managed to achieve vaginal intromission after intracavernous injection of alprostadil. At present, six patients who underwent Nesbit's operation, five patients with both preoperative and postoperative erectile dysfunction, and one with postoperative only, successfully Surgical treatment of Peyronie's disease P Bokarica et al achieve erection with the help of sildenafil citrate. The remaining two from the Nesbit's operation group and one patient from the patch group are not sexually active any more, thus receiving no medications, but it should be noted that these patients are now over 75 y of age. Ever since operations with patch grafts on the concave side of the penis are performed, the material that would most adequately replace the tunica albuginea has not been found. For a long time, the most widely used grafting material has been saphenous vein, which was first reported as a source of grafting material by Lue and El-Sakka. 6 Disadvantages of using saphenous vein are the need for additional incision, which also extends the duration of the operation, and frequently insufficient diameter of the vein that would cover multiple incisions or one larger excision. 24 Several groups of authors are using successfully the cadaveric pericardium as a patch. 16, 22 The good side of this material is a smaller risk of allergic reaction and infection, when compared to synthetic materials. However, significant 30 and 63% of erectile dysfunction have been observed when this graft is used after incision and plaque excision, respectively. 22, 25 Disadvantages of synthetic materials are graft contraction due to the lack of elasticity and risk of allergic reaction and infection. 6 In this study, we used polytetrafluoroethylene patches because of the easyavailability and especially because of tensile strength, which we consider the advantage of this material, particularly in the correction of larger defects of the tunica albuginea. No complications were observed, such as aneurysmal dilation, graft contraction, allergic reaction or infection, which is in accordance with the experience reported by Ganabathi et al. 14 
Conclusion
Patients with stable disease, curvature disabling vaginal intromission, subjective and/or objective normal penile rigidity, and unsuccessful drug therapy are the candidates for surgical treatment. We recommend the selection of surgical technique based on penile length and degree of curvature. Results of this study have confirmed that Nesbit's operation is an appropriate surgical technique for the treatment of patients with erect penile length of 413 and deviation of o601, whereas the plaque excision and grafting with polytetraflouroethylene patch is a technique of choice in the treatment of patients with erect penile length of r13 and/or deviation of Z601.
